ABSTRACT Newly designed primers ampliÞed a 365-bp fragment including the 3Ј end of mitochondrial cytochrome b (cyt b). Field collected specimens of the sand ßy, Lutzomyia longipalpis (Lutz and Neiva), from two Brazil locations provided test DNA. The primers, based on consensus sequences from a taxonomic spectrum of arthropods, have also ampliÞed DNA successfully from Lutzomyia shannoni Dyar, Lutzomyia cruzi (Mangabeira), and the mosquito Aedes albopictus (Skuse). Single strand conformation polymorphism (SSCP) was used to recognize the presence of L. longipalpis haplotypes; these were veriÞed subsequently by sequencing the polymerase chain reaction products. The sensitivity of SSCP was demonstrated by (1) the detection of single nucleotide differences in SSCP variants and (2) no sequence variation in specimens with the same SSCP mobility. The application of new primers and the SSCP technique provided a valuable addition to available population genetic tools: they increased the efÞciency of detection of variability in the cyt b gene and decreased the time required for screening large numbers of specimens to detect nucleotide variation.
MOLECULAR TECHNIQUES HAVE been developed and used for at least three decades to provide data for the determination of vector population structure. Population genetic variation has been evaluated by isoenzyme analysis, restriction fragment-length polymorphism, random ampliÞed polymorphic DNA (RAPD), and DNA sequencing. These techniques differ in terms of sensitivity, cost, execution time and amount of DNA required.
Lutzomyia longipalpis (Lutz & Neiva) population studies commonly have been based on the comparison of isoenzymes. Field populations from Brazil exhibited varying levels of structuring and even the suggestion of a subspecies (Mukhopadhyay et al. 1998 , Mutebi et al. 1999 , Azevedo et al. 2000 . Isoenzyme analyses underestimate the extent of variation because they measure variation in the gene product, and thereby do not detect third codon substitutions or single nucleotide changes that produce nonelectrophoretic amino acid substitutions. L. longipalpis populations have also been compared using RAPDs (Dias et al. 1998) ; however, this method has additional drawbacksÑthese have been reviewed by Black (1993) .
More recently, population studies of L. longipalpis have used mitochondrial ribosomal RNA (Uribe et al. 1998 ) and ND4 (Soto et al. 2001) genes. An advantage of mitochondrial DNA (mtDNA) as a population genetic marker is that it has a relatively rapid rate of mutation, providing readily identiÞed haplotypes (DNA sequence variants). Within a single organism, the mitochondrial genome has multiple haploid copies (usually identical) of DNA that are maternally inherited and do not participate in recombination events. Maternal inheritance produces an effective population size (N e ) that is one-fourth that of nuclear genes. The smaller N e reßects an increase in the effects of genetic drift among populations resulting in greater detection of genetic differentiation. The lack of recombination results in nucleotide sequences that will more accurately reßect the evolutionary history of the molecule if mtDNA is assumed to be neutral with respect to selection (Avise 1994). Mitochondrial cytochrome b (cyt b) in sand ßies (Esseghir et al. 1997 , Ishikawa et al. 1999 ) exhibits sufÞcient variation for evaluation of the genetic structure of populations.
A mutation detection technique, single strand conformation polymorphism (SSCP), was Þrst described by Orita et al. (1989) . The method is based on the observation that single stranded DNA is unstable, reannealing to itself to form conformations that vary depending on the sequence pattern. These differences are reßected in the migration rate during polyacrylamide gel electrophoresis. SSCP is a sensitive, inex-pensive and easily performed method for haplotype detection. Population genetic studies in general (Sunnucks et al. 2000) and more speciÞcally evaluations of human vector insect populations have employed SSCP only recently (e.g., Black and DuTeau 1997 , Stothard et al. 1998 , De Merida et al. 1999 , Wohlford et al. 1999 , Gorrochotegui-Escalante et al. 2000 , Birungi and Munstermann 2002 . As of December 2001, BIOSIS listed 4,048 citations for SSCP. Only 35 involved insects.
In the current report, sequence analysis of the 3Ј end of the cyt b gene, combined with SSCP, supports the reliability of the SSCP technique for characterizing L. longipalpis genetic variation. This provides an efÞcient and effective method for future population studies. Note that Lutzomyia longipalpis is the primary vector of Leishmania chagasi, the most important causative agent of visceral leishmaniasis in Mexico, Central and South America. Population studies of geographically dispersed Þeld specimens are critical for the recognition of genetically distinct groups or cryptic species within disease vectors. The design of appropriate and effective vector control programs is dependent on the results of these analyses.
Materials and Methods
Specimen Collection. Sand ßy specimens, captured peridomestically (16 from Juazeiro-Vila, Bahia, Brazil and 20 from Natal, Rio Grande do Norte, Brazil) in light traps, were frozen immediately in liquid nitrogen, transferred later to 80% ethanol (EtOH) and stored at Ϫ20ЊC. Species identiÞcation was veriÞed by the male genitalia, removed before DNA isolation. The two collection sites were Ϸ715 km apart, separated by three coastal river systems. The vegetation in Natal is considered coastal, at an elevation of 58 m, whereas Juazeiro-Vila is at an elevation of 567 m with vegetation typical of arid climatic zones.
DNA Isolation. The DNA isolation method was a modiÞcation (P. Romans, personal communication) of that reported by Bender et al. (1983) . This procedure provided optimum DNA isolation from specimens with relatively small amounts of DNAÑsuch as sand ßiesÑ or those whose DNA was poorly preserved. Before homogenization, individual sand ßy specimens were washed twice in 80% EtOH to remove potential contaminants. The specimen was air dried on the side of a 1.5-ml tube, immersed in 50 l of lysis buffer (0.1 M NaCl, 0.2 M sucrose, 0.1 M Tris, 0.05 M EDTA, 0.5% SDS, pH 9.2), and homogenized with a Kontes disposable pestle (Kontes Glass, Vineland, NJ). The pestle rinse buffer (50 l) was retained in the tube. The specimen was incubated at 65ЊC for 30 min and 8 M potassium acetate was added to a Þnal concentration of 1 M. After overnight incubation on ice, the tube was centrifuged at 20,800 ϫ g for 15 min. The supernatant was transferred to a fresh tube with 100 l of 100% EtOH and equilibrated for 5Ð 6 min at room temperature. Following 15 min of centrifugation the pellet was washed with 100 l of ice cold 70% EtOH and centrifuged for 5 min (note: at low DNA concentration the pellet was not always visible). The last step was repeated using 100 l of 100% EtOH. DNA pellets (80 Ð240 ng) were resuspended in 20 l buffer (10 mM Tris, 1 mM EDTA, pH 7.6 for 10 min at 60ЊC) and stored at Ϫ20ЊC.
Polymerase Chain Reaction Amplification. Primer design was based on the alignment of consensus sequences of the cyt b gene and the ßanking region. Forward and reverse primers for DNA ampliÞcation and sequencing were designed based on GenBank consensus sequences of highly conserved regions of insect species that include Anopheles gambiae Giles (Accession number L20934; Beard et al. 1993 Flook et al. 1995) , and the crustacean Artemia franciscana Kellog (X69067; Perez et al. 1994) . Two regions at least 20 bp long and Ϸ360 bp apart at the 3Ј end of the cyt b: serine tRNA genes were found to be relatively conserved across the six species. The primers were as follows:
Forward primer (11226); 5Ј-GAATGATATTTTT-TATTTGC-3Ј Reverse primer (11587); 5Ј-CTTATGTTTTCAAGA-CATATGC-3Ј.
The number in parentheses corresponds to the nucleotide position of the 5Ј-end of the primer based on the A. gambiae mitochondrial genome (Beard et al. 1993) . The primers were synthesized by the Yale Pathology Department, DNA Synthesis Laboratory, New Haven, CT.
Polymerase chain reaction (PCR) ampliÞcation was performed in a 50-l reaction volume, containing the following: 10 Ð20 ng of total genomic DNA, 200 M of each dNTP, 0.15 M of each primer, buffer (10 mM Tris, 50 mM KCl, 3.2 mM MgCl 2 , 0.1% Triton X-100, pH 8.8) and 0.4 U of Taq DNA polymerase (Roche Molecular Biochemicals, Indianapolis, IN, formerly Boehringer Mannheim). A negative control was always included. Sterile, ddH 2 O was used for all solutions. PCR ampliÞcation (Robocycler 40, Stratagene, La Jolla, CA) was accomplished with the following protocol: an initial denaturation for 5 min at 98ЊC; followed by 10 cycles of 95ЊC, 1 min; 38ЊC, 1 min and 72ЊC, 1.5 min; 35 cycles of 95ЊC, 1 min; 40ЊC, 1 min and 72ЊC, 1.5 min and a Þnal extension of 72ЊC, 3 min. PCR products were puriÞed before analysis using the QIAquick PCR PuriÞcation Kit (Qiagen, Valencia, CA), according to the supplierÕs speciÞcations. This step was not always necessary, but for some samples it removed bands that interfered with interpretation of the results. Samples were stored at Ϫ20ЊC.
The DNA concentrations of total genomic DNA and puriÞed PCR products were determined before PCR reactions and sequencing, respectively, using a modiÞcation of the gel spotting method (Sambrook et al. 1989 ). Standard concentrations (1 l of 1Ð20 ng of the pUC19 DNA standard) and samples of specimen DNA (1 l each) were spotted on a 1% agarose gel containing .05% ethidium bromide that had been air dried in an exhaust hood for 3 h. The best results were obtained using 13 ml of agarose in a 54 by 59-mm gel frame. Samples were placed in 1-mm depressions formed immediately after the gel polymerized. The gel was exposed to UV light after 15 min at room temperature, and the concentration of each sample was estimated by comparison with the standards. An additional 45 min at room temperature produced only minimally increased resolution.
Single Strand Conformation Polymorphism Analysis. Gel plates were cleaned with 95% EtOH and ddH 2 O. The following solution was applied to one plate surface to ensure adherence of the gel to that plate: 5 l of Silane (␥-methacryloxypropyl-trimethoxysilane, Sigma-Aldrich, St. Louis, MO) in 1 ml 0.5% glacial acetic acid in 95% EtOH. Initially, the plate was dried overnight at 80ЊC; each repeat use required drying for 5 min in an exhaust hood. The second plate was treated twice with 1 ml Sigmacote and once with ddH 2 O to prevent gel adherence to the plate following electrophoresis. Acrylamide was prepared before use, Þltered and stored at 4ЊC. The acrylamide solution consisted of the following: 10 ml, 5 ϫ TBE (0.45 M Tris base, 0.45 M boric acid, 10 mM Na 2 EDTA, pH 8.0); 10 ml, 49.5% acrylamide; 10 ml, 0.5% N,NЈ-methylene bis-acrylamide; 10 ml, 50% glycerol; 56.7 ml ddH 2 O. Before pouring into the gel plate assembly, 0.66 m1, 1.6% ammonium persulfate and 20 l TEMED were added to 19.34 ml of the Þltered acrylamide solution. Samples of puriÞed PCR product were diluted, 1:1 in loading buffer (20 M EDTA, 0.05% bromophenol blue, 95% formamide and 0.05% xylene cyanol), heated at 95ЊC for 5 min and immediately placed on wet ice. Aliquots were loaded on a prerun gel (0.5 mm thick, 16 by 18 cm) and subjected to electrophoresis for 4.5 h at 200 V, 19ЊC, using a vertical slab gel unit (model SE600, Hoefer ScientiÞc, San Francisco, CA) and 0.5 ϫ TBE buffer. The temperature was maintained by the circulation of 50% ethylene glycol. The gel was silver stained (Sanguinetti et al. 1994 ) to visualize the reannealed single-stranded PCR products. Denatured single strands (DSS) were not identiÞed in all samples. Increasing DNA aliquots to visualize DSS did not distinguish haplotypes, because among the DSS examined, all had the same mobility. Initial Þxa-tion of the gel was for 10 min (10% EtOH, 0.5% acetic acid), followed by staining in silver nitrate (0.2% in Þxative) for 5 min and a 1 min wash in deionized water. The gel was then placed in chilled developer (3.0% NaOH, 0.1% formaldehyde) until bands became visible. Following a Þnal Þxation for 5 min and a 10-min wash in deionized water, the plate was air dried at room temperature and photographed. All solutions were prepared in deionized water (1.3 megaohms) to reduce background staining.
The HHMI Biopolymer/W.M. Keck Foundation Biotechnology Resource Laboratory, Yale University, New Haven, CT, performed automated sequencing of variants. Sequence data were aligned using the program SeqApp (Gilbert 1993) . The extent of population differentiation (K st , Hudson et al. 1992 ) was estimated with the program POPSTR (supplied by Siegismund, University of Copenhagen, Denmark).
Results and Discussion
VeriÞcation of the variants identiÞed by SSCP was based on sequencing of PCR products. Comparison of the haplotypes identiÞed by SSCP analysis (Fig. 1) with the sequences (Fig. 2) indicates that for the ampliÞed fragment from L. longipalpis specimens, haplotypes can be reliably distinguished. The sensitivity of the SSCP technique is illustrated (Fig. 1) by its ability to distinguish between haplotypes that differ by a single nucleotide, e.g., lanes 5 and 6, lanes 7 and 8, lanes 8 and 9. Lanes 3 and 4 contained two samples exhibiting equal mobility, and were later veriÞed by sequencing to be identical.
The current study identiÞed no problems with the SSCP analysis of L. longipalpis mtDNA nucleotide variation. Potentially, however, identical PCR products can migrate to different positions; likewise products with differing sequences can migrate to the same position (e.g., Wohlford et al. 1999 in Glossina morsitans) . SSCP migration of the same haplotype to different positions may be due to variations in the ampliÞed fragment near the primer site. Factors inßuencing the reliability of the SSCP technique have been reviewed (Yap and McGee 1994, Hayashi et al. 1998 ). In the current analysis, standardization of the following procedures was necessary to produce reliable results: (1) ampliÞcation regimes for the relatively small PCR fragment; (2) PCR product puriÞ-cation before electrophoresis; (3) optimization of electrophoresis factors: gel dimensions, acrylamide concentration, acrylamide/bis: acrylamide ratio, glycerol concentration, buffer pH, and temperature. Generally, SSCP resolution is better with fragments smaller than 450 bp, but a report by Kukita et al. (1997) presents modiÞcations permitting accurate evaluation of up to 800 bp.
The high sensitivity of SSCP analysis of the products obtained with the newly designed primers was further supported in a concurrent study in which the cyt b gene was screened for variation among 150 Aedes albopictus mosquito specimens. Thirty-seven individuals with identical SSCP bands were sequenced to detect cryptic variation. All sequences were identical (J.B., unpublished data).
In the current study, alignment of 261 bp from 36 specimens of L. longipalpis identiÞed 16 segregating sites in a total of 21 haplotypes with A/T nucleotides predominating (Ϸ79%). The two Þeld populations (Fig. 2) shared six haplotypes. Transitions exceeded transversions by 14 Ð2 in 16 substitutions. We aligned the 3Ј end of cyt b sequences of L. longipalpis with reference to those of Phlebotomus ariasi Tonnoir (Esseghir et al. 1997) . The stop codon for L. longipalpis was TAG in comparison with TAA for P. ariasi, and a three-nucleotide insertion in L. longipalpis was identiÞed just upstream of the stop codon.
This paper reports the variation in mitochondrial cyt b from L. longipalpis Þeld populations and haplo- type detection using SSCP. SSCP analysis of the 3Ј end of the cyt b gene provides a new genetic tool for population analysis of L. longipalpis and other related species. The new primers described herein were based on consensus sequences from widely separated taxa; consequently, the primers will be valuable in population studies of many arthropods. We have already used these primers to amplify the cyt b gene from additional sand ßy species (Lutzomyia shannoni and L. cruzi) as well as the mosquito, A. albopictus (unpublished data) . Analysis of this cyt b fragment takes advantage of the variability that can be detected, along with the ease and reliability of the SSCP approach. Large samples can be rapidly screened for variation; sequencing is necessary only for the variant haplotypes when each is recognized on the SSCP gels.
